SUMMARY Saliva carbamazepine and phenytoin samples were used to monitor treatment in 35 children aged between 2 and 14 years during a 2-year period. All phenytoin levels and over half the carbamazepine levels that were above the therapeutic range were associated with adverse effects. Dose and carbamazepine saliva levels were significantly related but no such relationship was found for phenytoin. There was no apparent relationship between the saliva level of either drug and convulsion control. (81 %), and between 0800 and 1600 hours, 115 (54%) samples were collected.
A knowledge of the concentration of a drug is now considered an important and sometimes an essential part of the management of a number of conditions. The need for regular monitoring of phenytoin (DPH) levels in epilepsy is accepted, and a good case can be made for the routine monitoring of carbamazepine (CBZ) levels.' Saliva CBZ and DPH levels in mixed saliva show a good correlation with plasma levels2 3 and may provide a convenient and non-invasive means of drug level monitoring in children. An optimal therapeutic response with minimal risk of adverse effects is likely to be achieved in a majority of children if saliva CBZ concentrations are maintained within 5-15 ,tmol/l (1-2-3X5 ,g/ml) and if saliva DPH concentrations are within [2] [3] [4] [5] [6] [7] [8] [9] [10] ,umol/l (5-25 Vglml).'
We report our experience ofmeasuring saliva levels of CBZ and DPH in epileptic children during a 2-year period.
Methods
Mixed saliva samples were collected from 35 children, aged between 2 and 14 years, after stimulation of saliva flow with strawberry-flavoured citric acid crystals. Twenty of the children were receiving CBZ, of whom 16 were using tablets and 4 syrup formulations. Fifteen children were receiving DPH, and of these, 9 used chewable tablets, 3 Saliva was assayed for CBZ by a modification4 of the gas-liquid chromatography method for serum described by Least et al. 5 and for DPH by radioimmunoassay6 using antisera supplied by Dr G W Aherne, University of Surrey.
The number of samples taken from each child varied. In those children who gave at least 5 samples, intra-individual variation on different dose frequency regimens was compared using Wilcoxon's rank sum test for unpaired samples.
CBZ and DPH level-dose relationships were determined using all samples and also using those samples collected at 3 and 5 hours after dose administration.
Results
Details of the number of children, amount of each drug, and number of children taking other drugs are shown in the Table. Carbamazepine. The mean saliva CBZ concentration in the 258 samples collected from 20 children receiving a mean daily dose of 535 mg/M2 was 8 -52 ,umol/l (2 01 jig/ml).
In 77 5% of the samples, the concentration was 637 within the suggested therapeutic range, below the range in 13'9% (n = 36), and above it in 8 5% (n = 22). Over half (54%) of the levels above the therapeutic range were associated with adverse effects (ataxia, dizziness, or drowsiness) in the children during the previous 5 days. There was no apparent relationship between drug level and the degree of convulsion control.
In the 13 children in whom more than 5 CBZ levels had been determined, the mean coefficient of variation in concentration on twice-daily dosage, 22 * 6 % (n = 11), was not significantly different from that on thrice-daily dosage, 23-4 % (n = 6).
There was a weak, but significant correlation between the saliva CBZ concentration and the daily CBZ dose per unit surface area (r = 0 30; P<0-001). There were better correlations between the CBZ concentrations in 23 samples collected from 16 children 3 hours after dose administration (r = 0X61; P<0'01) and the 5-hour post-dose level in 17 samples from 17 children (r = 0-72; P<0'01), and the daily dose per unit surface area.
Phenytoin. The mean saliva DPH concentration in 215 samples from 15 children was 4'34 ,±mol/l (10 1 Vg/ml) on a mean daily dose of 181 mg/M2.
The concentration was within the suggested therapeutic range in 77 5% of the samples, below the range in 13-9% (n = 36), and above it in 8'6% (n = 22). All the levels above the therapeutic range were associated with toxic effects (ataxia, extreme drowsiness, or speech disturbance) in the children during the previous 5 days.
There was no apparent relationship between the DPH level and the degree of convulsion control.
In the 11 children in whom more than 5 samples had been collected, the mean coefficient of variation in concentration on once-daily dosage, 42 2 % (n = 5), was not significantly different from that on twice-daily, 24 1 % (n = 5), or thrice-daily dosage, 43'6% (n = 6).
There was no significant correlation between the saliva DPH concentration, the 3-hour post-dose level (n = 9), the 5-hour post-dose level (n = 11), and the DPH dose per unit surface area.
Of the 23 children who had received CBZ or DPH for more than one year before the study and whose treatment had been monitored using blood samples, 90 9% attended all appointments during the study period compared with 56'6% during the year before the introduction of saliva sampling (P<0-01).
Discussion
In monitoring CBZ and DPH levels, saliva has two main advantages over plasma. Firstly Wide fluctuations in the free concentrations of CBZ and DPH occur between doses even when administered at accepted dose intervals.4 8 A direct relationship between drug level and effect is therefore not always apparent, and in this study there was no obvious relationship between the concentration of CBZ or DPH and the degree of control of convulsions. The fact that CBZ has an active metabolite, the 10, 11-epoxide, may further explain the lack of relationship for this.
Most studies so far reported on drug level monitoring have been unable to show a good relationship between the dose of CBZ and the concentration of the drug in blood or other tissue fluid. This may be due to inter-individual variability, or to dose-dependent autoinduction of CBZ metabolism. The elimination ofDPH by both first and zero order kinetics may partly explain why there is a poor relationship between its dose and saliva level. Another reason may be that fluctuation between doses for both drugs is such that random levels do not reflect the mean steady-state concentration. In this study a significant correlation between CBZ dose and drug level was evident, particularly between dose and the 3-and 5-hour post-dose levels. The good relationship between dose and the 3-and 5-hour post-dose levels may reflect diminishing saliva contamination with time from dosing, or it may suggest that levels in the elimination phase are better related to the dose than those at the time of absorption. The good correlation between the dose and the 5-hour sample suggests that this may be an appropriate time for routine monitoring of treatment. No significant dose-level relationship was found for DPH.
This study has failed to show any significant difference between the intra-individual fluctuations in concentration (as reflected by the coefficients of variation) of CBZ on twice-and thrice-daily dose regimens, and of DPH on once-, twice-, and thricedaily regimens. In contrast previous studies have shown that Saliva sampling is a convenient and non-traumatic method of monitoring CBZ and DPH treatment in children, both for child and clinician. For most children, the convenient and non-invasive nature of the method is likely to be of greater importance than the other advantage of the use of saliva, that of reflecting the free and active drug fraction. However, it should be stressed that some saliva drug levels (for example phenytoin) may be much lower than the equivalent plasma level and may approach the lower limit of sensitivity of the assay method used in some laboratories. 
